Lodge saw Bohr's atomic theory as a new chapter in the history of the relationship between the two sciences. It looks, he said, "as if it were going to do for Chemistry what Newton did for the Solar System."
2 But that is not what happened. In spite of all its promise, Bohr's semiclassical atomic theory did not succeed in explaining chemistry on a purely physical basis.
When the 18-year-old Bohr enrolled at the University of Copenhagen in 1903 to study physics, he was to receive a solid, all-around education in mathematics, astronomy, and chemistry. In 1905 he met the six-years-older Niels Bjerrum, who taught an experimental course in inorganic analytical chemistry. As Bjerrum recollected, Bohr was an eager but somewhat clumsy student of chemistry who caused the laboratory quite an expense in broken glassware.
3 Some years later Bjerrum would begin groundbreaking studies in the application of quantum theory to rotating and vibrating molecules. He was also one of the first chemists to refer to Bohr's atomic theory. In a 1917 Danish chemistry textbook, he made use of the new Bohr-Sommerfeld model of atomic structure, particularly its definition of a chemical element in terms of nuclear charge Z rather than atomic weight. For his part, Bohr was acquainted with Bjerrum's work in molecular spectroscopy, to which he referred in the third part of his trilogy. Bohr and Bjerrum became lifelong friends, sharing not only scientific interests but also a sailing boat named Chita.
After having settled in as a professor of physics at the University of Copenhagen, and especially after the founding of the university's Institute for Theoretical Physics (now called the Niels Bohr In a draft document known as the Manchester memorandum, sent to Ernest Rutherford in July 1912, Bohr summarized his early ideas about atomic and molecular structure; figure 2 shows some sketches from that work. At the time he did not relate his theory to light emission or line spectra as he would do seven months later. He did discuss the mechanical stability of many-electron atoms, and he argued that in building up an electron system, it would not always be possible to confine all the electrons to a single "ring"; at some stage it would require the formation of a new, external one. In that way, Bohr established for the first time a connection between the outermost electrons of an element and its valence, a connection he found necessary in order to explain the periodic law. More than a year later, he elaborated on the suggestion in the second part of his trilogy. Bohr's reliance on chemical reasoning, and his eclectic and sometimes opportunistic approach to atom building, are clearly seen in his treatment of the lithium atom. Bohr calculated the total binding energy for two configurations. One was a two-ring system that Bohr denoted (2, 1) to indicate two electrons in an inner ring and a single electron in an outer ring. The other system, (3), comprised three electrons moving on the same ring. His results were −218 eV and −240 eV, respectively, meaning that the (3) configuration is energetically favored. That conclusion is incompatible with the chemical properties of lithium. So Bohr ignored his mechanical calculations and declared the (2, 1) configuration the right one. Likewise, he had found that a mechanically stable inner ring could accommodate no more than seven electrons, a result that clearly disagreed with the known periodicity of the elements. He consequently changed the number 7 to 8-for example, assigning to sodium the configuration (8, 2, 1) rather than (7, 3, 1).
As to the number of electrons in the outermost ring, he did not even pretend to base it on calculations: "The number of electrons in this ring is arbitrarily put equal to the normal valency of the corresponding element."
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suggestive similarity to the periodic table. Realizing the tentative nature of his considerations, he cautiously avoided assigning chemical symbols to his structures or explicitly presenting them as an explanation of the periodic table. He was content to note that "it seems not unlikely that this constitution of the atoms will correspond to properties of the elements similar with those observed"-a phrase characteristic of Bohr's language.
In the third part of the trilogy, Bohr dealt with molecules and the covalent bond, which he represented as a ring of two or more electrons common to the atoms forming a molecule. The final time Bohr discussed molecular models on the basis of his theory was in a little-known paper of 1919, in which he examined the possible existence of the H 3 molecule along the same lines he had applied to H 2. At the time, there was some experimental evidence, both chemical By the early 1920s, Bohr had stopped speculating about molecules, yet chemical considerations were no less important to his thinking than they had been earlier. He had abandoned his old "pancake model," with its electrons characterized by a single quantum number and moving in planar rings around the nucleus, and replaced it with a significantly different model of atomic structure. According to the new picture, the state of an electron was characterized by two quantum numbers and designated n k , where n is the principal quantum number and k = 1, . . ., n is the azimuthal quantum number. The electrons moved in three-dimensional elliptical orbits whose eccentricity was determined by the ratio n/ k. Moreover, electrons moving in outer orbits might penetrate the inner core of the atom and thereby give rise to a coupling of the revolving electrons. Bohr's remarkable results were not based on detailed calculations. How, then, did he obtain them? Bohr himself stressed that his theory rested on physical principles of a general nature, such as the Aufbau principle and his favorite tool, the correspondence principle. It was not, he maintained, a theory built inductively from empirical data. In reality, however, Bohr's theory of the periodic system was to a large extent based on empirical facts from chemistry and physics; those included atomic volumes, magnetic and electrochemical properties of the elements, ionization potentials, optical data, and x-ray spectral data. It is doubtful that he could have constructed his atomic configurations had it not been for his intimate knowledge of inorganic chemistry.
The empirical basis of the theory was far from clear at the time, when many physicists and chemists believed that Bohr had derived the atomic structure of the elements from quantum theory. It took some time before the theory was recognized as an artistic and somewhat opaque blend of general physical principles and empirical data, with the latter counting at least as much as the former. Dutch physicist Hendrik Kramers, who was Bohr's assistant between 1916 and Bohr's attempts to extend his atomic theory to the realm of chemistry met with a mixed reception in the large community of chemists. During the first years of the theory, most chemists ignored it, probably because they found it to be difficult and of little use for solving chemical problems. The theory's failure to account for the four tetrahedrally oriented valence orbitals of the carbon atom, or even for the simple hydrogen molecule, added to their suspicion that it had nothing important to offer chemistry. All the same, beginning in about 1920, many textbooks in inorganic and physical chemistry contained sections on the new atomic theory, although in most cases it was mentioned only briefly. An exception was English chemist William Lewis's 1919 textbook A System of Physical Chemistry, which included a detailed review of Bohr's theory based on the 1913 trilogy.
Chemists' dissatisfaction with the Bohr atom, and more generally with "the so-called quantum Pretending to represent chemists, he stated their overall point of view as "extreme hostility to the physicists, with their absurd atom, like a pan-cake of rotating electrons, an attitude which is only slightly modified by a pious wish that somehow the vitamine 'h' ought to find its way into the vital organs of their own, entirely satisfactory, cubical atom."
Some of the objections raised by Tolman were repeated and amplified by other US physical chemists, most forcefully by Gilbert Lewis at the University of California, Berkeley, who argued that Bohr's theory was inconsistent and contradicted the fundamental principle of energy conservation. 11 In spite of his criticism, he was greatly interested in Bohr's ideas. As early as 1916-at a time when Bohr was largely unknown to chemists-Lewis invited him to come to Berkeley to give a series of lectures. To Bohr's regret, he had to decline the invitation.
The main reason for chemists' dissatisfaction with the Bohr model was its inability to account for valence and the structure of molecules, in which respect they judged it inferior to the chemical models suggested by Lewis, Langmuir, and others. According to the cubical atom popular among chemists, the electrons stayed in fixed positions at the corners of a cube and the bonds between atoms were pictured as pairs of electrons common to two atoms. In that way chemists Niels Bohr between physics and chemistry h5p://scita8on.aip.org/content/aip/magazine/physicstoday/art...
could build up models of compounds in rough agreement with chemical facts, although only by disregarding fundamental features of atomic and quantum physics.
The central problem was that what made sense chemically was nonsense physically. It was as essential to the cubical atom that it be static as it was essential to the Bohr atom that it be dynamic. An electron moving swiftly in its orbit could not possibly occupy a fixed position in the atom, as chemists would have it. In a word, the kind of atomic models that most chemists found useful violated the standards that Bohr and his colleagues in quantum theory found necessary. While that was reason enough for physicists to dismiss static models, chemists, having their own agenda, did not feel obliged to accept the criteria for atom building that were valued so highly by their colleagues in physics. To some extent, the confrontation in the early 1920s between Bohr's dynamic atom and chemists' static one was rooted in two different cultures of science: Physicists and chemists disagreed about the criteria for what constituted a good scientific theory.
In that climate, Bohr had no patience for the models of Lewis and Langmuir, however useful they might be for elucidating chemical problems. He dismissed them as artificial and descriptive theories that lacked physical justification. The early 1920s did see several attempts to reconcile or unify static and dynamic models, typically by interpreting Bohr's model as corresponding to a static atom. In some of those hybrid models, the covalent bond was pictured as one or two electrons orbiting elliptically around two nuclei rather than circulating between them. Bohr was aware of the popularity of what one chemist called the "Rutherford-Bohr-Lewis-Langmuir atom,"
but he denied that a reconciliation was possible within the framework of the quantum theory of the time.
Whereas most chemists agreed that Bohr's model was useless in the areas of valence and molecular structure, they were more positively inclined to his theory of the periodic system. According to Walther Nernst, a pioneer of physical chemistry and a 1920 Nobel laureate, the discovery of hafnium proved that Bohr's theory was essentially correct. Furthermore, Bohr's quantum theory proved valuable for the study of molecular spectra in the branch of chemistry that came to be known as chemical physics. That interdisciplinary field evolved into an important branch of research in the early 1920s, to a large extent guided by the ideas of atomic and molecular structure developed by Bohr and other quantum physicists.
Although Bohr's original and most ambitious project of establishing a common theory for atoms and molecules-one that would be of equal significance to physics and chemistry-turned out to be a failure, it was not without fruitful consequences. In a sense, his ambitions would be fulfilled with the emergence of quantum mechanics and its extension into quantum chemistry in the late 1920s.
